Abstract-Heavy metals are considered as a major pollutant causing environmental cytotoxic, mutagenic and carcinogenic effects in animals and aquatic organisms. Pollution caused by these substances can arise from many sources and the major problem associated with its persistence is its potential for bioaccumulation. Heavy metals such as lead (Pb), cadmium (Cd) and chromium (Cr) are the most common toxicant that can be found in the marine environment including fish. Fish is a common table food consumed by humans for protein nourishment and its use to study heavy metal contamination would benefit majority of individuals living in a country surrounded by bodies of water, such as the Philippines. The study aims to analyze the presence of lead, cadmium and chromium using qualitative and quantitative tests in the head, meat and internals of selected fish samples sold in wet markets located at Metro Manila, Philippines. Quantitative analysis confirmed the presence of lead, cadmium and chromium in all fish samples. Results were reinforced by the Flame Atomic Absorbance Spectroscopy, wherein most of the fish samples exceeded the standard limits set by US-EPA and FDA for lead, cadmium and chromium i.e. 0.5, 0.05 and 0.1 ppm respectively. Single factor ANOVA have shown that there is no significance among the levels of lead, cadmium and chromium with p values of 0.3679, 0.8858 and 0.9593 respectively in the head, meat and internal organs of the fish samples. Therefore, a person will acquire the same amount and effect of the heavy metals regardless of the part of the fish to be consumed. This study would be useful for the creation of guidelines to protect the public from the harmful effects of the toxicants present in fish that is consumed by the public.
I. INTRODUCTION

A. Background of the Study
Hundreds of living creatures are found in the aquatic environment which can majorly benefit humans. However, due to the continuous rise in the development of industries, many of these water creatures are killed because of contamination. This led many researchers in studying toxicants in the marine environment. Currently, the contamination of the aquatic system and its other forms of life became a popular field of research [1] .
Fish, a living resident of the marine environment is a common table food which is usually consumed by humans for protein nourishment. As compared to other meats such as beef and pork, it is easily more digestible and inexpensive. Fish like other food aquatic animals contain essential amino acids, fatty acids, protein, carbohydrates, vitamins and minerals [2] . Vitamins such as calcium, phosphorus and especially iron can be found in fishes. Among all of these aquatic foods, fish is mostly consumed by humans and became a major part of human diet. It was found out that fish is a source of animal protein, it contains high level of protein around 17-20% with an amino acid profile which is similar to meat [3] . Studying fishes for heavy metal contamination would benefit majority of individuals living in a country surrounded by body of water, and Philippines would be an example for this. Researchers focus their attention in studying heavy metal contamination to fishes to be able help Filipinos in the increasing problem of renal diseases [4] .
Heavy metals such as lead (Pb) and cadmium (Cd) are the most common toxicant that can be found in the marine environment [5] . Chromium is known to be a very toxic pollutant introduced into natural waters from a variety of sources including industrial wastes. These heavy metals can be toxic at high concentration when ingested over a long period of time [5] . When these heavy metals enter human body, it has a tendency to accumulate in particular organs [6] .
Cadmium is primarily toxic to kidney, especially to proximal tubular cells. Bone demineralization is affected by cadmium toxicity directly by bone damage and indirectly as results of renal dysfunction. Industrial workers exposed to airborne cadmium have higher risk in developing lung impairment and lung cancer [7] .
Overexposure to lead affects the neurological, reproductive, renal, haematological system more susceptible to its adverse effects. Studies said that children are more prone to lead toxicity as compared adults. Therefore, exposure to lead during childhood must be monitored. This led many researchers to study the relationship between lead exposure and low intelligent quotient of children [8] .
Chromium is presently common in most of the effluent streams when compared to other heavy metals. It occurs in a number of oxidation states such as trivalent chromium, Cr (III) and hexavalent chromium, Cr (VI) [9] . But among the two chromium states, hexavalent chromium, Cr (VI) is considered as the major environmental concern [10] . Chromium toxicity in humans includes metabolic acidosis, acute tubular necrosis, kidney failure and death. Recent studies shown that chromium is a potential carcinogen therefore exposure to this heavy metal is strictly monitored [11] . United States Environment Protection Agency set the allowable standard limit of lead for foods which is 0.5ppm. While for cadmium, the Food and Agriculture Organization (FAO) and the World Health Organization (WHO) provide guidelines for the acceptable oral limits in foods which is 0.05ppm. Lastly for chromium, the limit for food set by the US EPA is 0.01ppm [5] , [11] , [12] .
In order to prevent the harmful exposure to these heavy metals, awareness of the sources and uses, modes of entry in the body, toxic effects and safe limits must be established [6] . This study will serve as instrument of change to help public become more aware of the possible harmful effects they may acquire in consumption of fishes to their health. It will also help the local government, agencies and policy makers in the creation of laws and guidelines that would control the rise of heavy metal wastes coming from different industries in the country. And lastly, this study will benefit other researchers that aim to protect the environment from destructive contaminants such as these heavy metals.
B. Objectives
In general, this study aimed to analyse the presence of heavy metals such as lead, cadmium and chromium in selected fish samples marketed in Metro Manila, Philippines. Specifically this study aimed:
• To quantitatively measure the levels of lead, cadmium and chromium of each selected fish samples using Flame Atomic Absorption Spectroscopy; • To compare the levels of lead, cadmium and chromium in each selected fish samples if it conforms to the acceptable limits of heavy metals for food according to United States Environmental Protection Agency (US EPA) and Food and Drug Administration (FDA); and • To identify the difference between the amount of lead, cadmium and chromium specifically on the head, internal organs and meat of the selected fish samples.
C. Scope and Limitations of the Study
For the study, only nine (9) fish samples namely, Chanos chanos (Bangus), Chana striata (Dalag), Caesio cuning (Dalagang Bukid, Euthynnus affinis (Galunggong), Epinephelus morio (Lapu Lapu), Selar crumenophthalmus (Matambaka), Lutjanus sebae (Maya Maya), Oreochromis niloticus (Tilapia) and Decapterus macarellus (Tulingan) marketed in Metro Manila, Philippines were selected as subjects. Head, internal organs and meat of the fish samples were analysed. Only lead, cadmium and chromium were determined in the study as contaminants. Flame Atomic Absorption Spectroscopy was used for the quantitative analysis.
II. MATERIALS AND METHODOLOGY
A. Research Design
Descriptive-quantitative research design was used in the study. Samples were prepared thru acid digestion and analyse for the presence of lead, cadmium and chromium by the used of Flame Atomic Absorption Spectroscopy.
B. Fish Sample Collection
Nine (9) selected fish samples namely, Chanos chanos (Bangus), Chana striata (Dalag), Caesio cuning (Dalagang Bukid, Euthynnus affinis (Galunggong), Epinephelus morio (Lapu Lapu), Selar crumenophthalmus (Matambaka), Lutjanus sebae (Maya Maya), Oreochromis niloticus (Tilapia) and Decapterus macarellus (Tulingan) were collected from different markets located at Metro Manila, Philippines respectively. Each selected fish samples were washed thoroughly, drained and separated into its desired parts, namely the head, internals and flesh.
C. Fish Sample Acid Digestion and Preparation
Five (5) grams of each fish samples that were separated into three different parts (head, internal organs and meat) were digested in 10 mL concentrated nitric acid in an open glass container for 24 hours, at room temperature. The following day the pre-digested samples were heated at 80°C for 5 hours.
Samples were then cooled to room temperature, and the volume was adjusted to 50 mL with distilled water. Diluted samples were stored in polyethylene (PET) bottles and were analysed using flame atomic absorption spectroscopy.
D. Flame Atomic Absorption Spectroscopy (FAAS)
Lead, cadmium and chromium content of the fish samples marketed in Metro Manila, Philippines were analysed using Flame Atomic Absorption Spectrophotometer (Shimadzu AA-6300) at the Department of Chemistry Instrumentation, De La Salle University, Vito Cruz, Manila, Philippines. Prepared standard solutions with different concentrations (0.2, 0.5, 1 & 2.5 ppm) of lead, cadmium and chromium were used to calibrate the spectrophotometer prior to analysis using distilled water as the control.
E. Statistical Analysis
The statistical calculations were done using the software Microsoft Excel® 2010. One-way analyses of variance (ANOVA) or single factor ANOVA was used to determine whether the lead, cadmium and chromium content varied significantly between the different parts of fish samples, namely the head, meat and internal organs with values less than 0.05 (p<0.05) considered statistically significant.
III. RESULTS
All fish samples were subjected to quantitative analysis using Flame Atomic Absorption Spectroscopy (FAAS). Results from the analysis conducted confirmed the presence of lead, cadmium and chromium in all of the selected fish samples marketed in Metro Manila, Philippines. The Tables  I, II , and III shows the concentration, in parts per million (ppm), of the heavy metals lead, cadmium and chromium, present in the head, meat and internal organs of the fish samples.
Head of the Caesio cuning had shown the highest concentration of lead amongst other heads of the fish samples with a concentration of 0.2195ppm as presented in the Table I . From all the heads of the samples, the least lead concentration can be found from Chana striata, which is 0.1407 ppm. Meat of the Selar crumenophthalmus contained a very high concentration of lead as compared to other fish samples with the amount of 2.5029ppm. The obtained lead content from Selar crumenophthalmus meat was a very noticeable remark and can be easily observed as presented in Fig. 2 . Internal organs of Epinephelus morio with concentration of 0.1871 ppm gave the highest amount of lead as given by Table III and Fig. 3. For cadmium results, the heads of Euthynnus affinis, Epinephelus morio, Lutjanus sebae and Decapterus macarellus present high amounts of cadmium which were 0.0595, 0.0527, 0.0585 and 0.0608 ppm respectively amongst other fish samples. The obtained concentration on the meat of Euthynnus affinis, which is 0.1120 ppm possessed the highest amount of cadmium among other samples including the head and internal organs of the fish. The internal organs of Chanos chanos (0.0723 ppm) contain the highest amount of cadmium amongst other samples as seen in Table III 
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concentration of chromium were Oreochromis niloticus for the head at 0.3721 ppm and Selar crumenophthalmus for the meat and internal organs at 0.4044 and 0.4167ppm.
Results of the detected mean concentrations of lead, cadmium and chromium on the different parts of the fish samples were subjected to the one-way analysis of variance using the p value of 0.05 as level of significance. The results shown that for lead, cadmium and chromium, the p-values obtained were 0.3679, 0.8858 and 0.9593 which are all greater than 0.05. The F-values and critical F-values of each of the heavy metals on the head, internal organs and meat of the fish samples were also calculated in the study. It was shown in the statistical result for lead that the F-value is 1.0427 and F-critical value is 3.4028. It can be observed that the determined critical value is much greater than its F-value. This was further shown in the results for cadmium and chromium which gave F-values of 0.8858 and 0.9593. And for the F critical values, statistical results shown were both 3.4028.
IV. DISCUSSION
The results confirmed the presence of the heavy metals, namely lead, cadmium and chromium in the nine selected fish samples marketed in Metro Manila, Philippines. Based on the standard limits set by US EPA and FDA for lead, cadmium, and chromium at 0.5, 0.05, and 0.1ppm, with consideration to the division of the parts, there is a high number of selected fish samples that exceeded the specifications.
Lead concentrations of the fish samples were within the allowable limit of 0.50ppm except for the meat of Selar crumenophthalmus. The results of Selar crumenophthalmus obtained from the study can be considered hazardous since it is only the meat that is usually consumed by humans. And even though that it was only Selar crumenophthalmus that goes above the allowable limit for lead, it must be noted that heavy metals tend to accumulate inside the body. For a period of time, there will be a possibility that these minute amounts of heavy metals found on the other fish samples can be concentrated inside the body and will take its adverse effect when it reach its certain level inside the human body [6] , [7] , [8] , [12] . For cadmium, the allowable limit set by US EPA is 0.05ppm, and a number of fish samples went beyond this limit. These samples were from the heads of the fish samples of Euthynnus affinis, Epinephelus morio, Selar crumenophthalmus, and Decapterus macarellus at concentrations of 0.0595ppm, 0.0527ppm, 0.0585ppm, and 0.0608ppm respectively. Also the meats of Euthynnus affinis, Epinephelus morio, Lutjanus sebae, and Decapterus macarellus, as well went beyond the allowable limit, with concentrations of 0.1120ppm, 0.0560ppm, 0.0515ppm, and 0.0599ppm respectively as shown on Table II and Figure 2 . The internal organs of Chanos chanos, Euthynnus affinis, Epinephelus morio, with concentrations of 0.0723ppm, 0.0572ppm, and 0.0698ppm also exceeded the specifications.
Among the heavy metals determined in the study, cadmium showed the greatest number of samples that exceeded its allowable limit. Result from the study is quite alarming since cadmium is known as a human carcinogen and its critical target is the kidney for general population [7] . Cadmium bioaccumulation inside the body caused kidney impairment and lung dysfunction in infected individuals [7] . High cadmium content from the fish samples of the study only proves the reason for the increasing number of dialysis centers in the Philippines. It has been reported that there is a large number of Filipinos that are suffering from kidney impairment. In the Philippines, according to the Renal Disease Control Program of the Department of Health, every year there has been at least 10 percent increase in the number of new patients diagnosed with kidney disease [4] . This problem can be attributed to the cadmium contamination of the fishes detected which were widely sold in the Philippine markets.
Data collected for the presence of chromium further strengthens the possible reason for the rise in number Filipinos with kidney impairment cases. From the results of the study, all fish samples went beyond the allowable limit of 0.10ppm. The highest chromium concentration can be found from the meat and internals of Selar crumenophthalmus.
Out of all the fishes, Selar crumenophthalmus contains the greatest amount of heavy metal toxicants. Lead, cadmium and chromium were all present in the head, internal organs and meat of Selar crumenophthalmus. Cadmium and chromium content of Selar crumenophthalmus in its specific parts exceeded the allowable amount of US EPA for heavy metals. But even though that the results shown high amount of heavy metals in Selar crumenophthalmus, studies were still needed to further prove that the intake of the fish itself is dangerous to humans since there is a possibility that the school of fish captured were the only ones contaminated with great amounts of cadmium and chromium. However, the consumption of Selar crumenophthalmus should still need to be monitored by the local government since the two toxicants bioaccumulates and greatly affect the health of individuals.
The researchers also determined if there would be a significant difference between the concentrations of lead, cadmium and chromium from the parts of the fish samples. Statistical results shown from the single factor analysis of variance that since all the obtained p values of the lead, cadmium and chromium content (0.3679, 0.8858 and 0.9593 ) from the different parts of fish samples were all greater than 0.05. Null hypothesis cannot be rejected which means that there is no significant difference in the consumption of head, internal organs and meat of the fish samples marketed in Metro Manila, Philippines. People that will intake the fish samples will experience the same content and adverse effects of the heavy metal contaminants analysed in the study.
V. CONCLUSION AND RECOMMENDATIONS
After conducting the study, it showed that a number of the fish samples exceeded the standard limits set for the heavy metals specifically, lead, cadmium and chromium. The parts of Caesio cuning (Dalagang Bukid), Selar crumenophthalmu (Matambaka), Epinephelus morio (LapuLapu), Euthynnus affinis (Galunggong), Decapterus macarellus (Tulingan), Lutjanus sebae (Maya-Maya) and Chanos chanos (Bangus) presented notable concentrations of lead and cadmium.
Unfortunately for the determination of cadmium, all fish samples showed concentrations that exceeded the allowable limit set by US EPA and FDA which is 0.05ppm.
One-way analysis of variance shown that there is no significance between the levels of lead, cadmium and chromium in the different parts of the selected fish samples marketed in Metro Manila, Philippines, namely, the head, internal organs and meat. Therefore, the person who will consume the fish will have same effects of the heavy metals in the different parts of the samples.
In conclusion, the researchers would like to emphasize that even though some fish samples presented a safe concentration for one of the three heavy metals, other heavy metals are still present and may exceed the standard limit set. Heavy metal contaminant has a potential to bioaccumulate inside the human body. Therefore, consumption of such fishes should be monitored to avoid the adverse effects brought about by lead, cadmium and chromium.
The researchers recommend to the local government and global organizations involved in marine and food nutrition to utilize this study as guidelines to protect the public from the possible adverse effects that can be brought by the toxicants in fish samples. 
